F rontal sinus fractures occur in 5% to 10% of all facial trauma. 1 Treatment goals include protection of intracranial contents, prevention of infection, reestablishment of a functional frontal sinus, restoration of frontal bone contour, and prevention of associated sequelae. Untreated frontal sinus fractures can result in mucocele formation, sinusitis, forehead deformity, osteomyelitis, cerebrospinal fluid (CSF) leak, meningitis, and intracranial abscess. 2 Conventional treatment supports repair of most frontal sinus fractures with the exception of nondisplaced, isolated anterior table fractures. Published reports have proposed various treatment patterns based on specific types of frontal sinus fractures, but none are universally adopted. 3 Thus, considerable controversy remains around specific criteria for timing of operative intervention and surgical approach. Surgical treatment of frontal sinus fractures may involve cranialization, obliteration, or open reduction and internal fixation (ORIF) using either an endoscopic or open coronal approach that may incorporate existing lacerations. Avoidance of any operative intervention would be favorable to avoid additional complications. The coronal approach bears the risk of brain abscesses, temporal wasting, alopecia, paralysis of the frontal branch of the facial nerve, and cosmetic defects. With ORIF, hardware can migrate, extrude, or become infected. 3 As described by Pawar and Rhee, 2 the concept of functional sinus preservation refers to frontal sinus fractures treated with observation, open or endoscopic reduction of anterior and/or posterior table, and ORIF of anterior table. Treatments that do not preserve a functional sinus include obliteration, ablation, osteoneogenesis, and cranialization. A balance must be obtained between the disruptive nature of the surgical approach and patient benefit, especially when surgery is performed for purely aesthetic indications. Implementation of transnasal endoscopic techniques for the treatment of the frontal sinus outflow tract (FSOT) decreases the need for obliteration or cranialization. Transorbital endoscopic approaches provide additional access to reduce depressed anterior table fractures, remove or reposition obstructing bone fragments, and repair the dura in the setting of CSF leaks. [4] [5] [6] In addition, these approaches allow for access to the lateral frontal sinus and aid in the removal of the intersinus septum for recruitment of the contralateral FSOT. Thus, endoscopic transnasal and transorbital techniques can be used to create a safe sinus and restore premorbid forehead contour without the morbidity and prolonged recovery of open surgical techniques. Since 2010, our team has followed a minimally disruptive protocol for treatment of frontal sinus fractures. The term minimally disruptive refers to treatment that reduces the burden of medical and surgical intervention. Our protocol uses strict indications for immediate surgical treatment. Those who do not undergo immediate repair are treated expectantly using clinical observation paired with repeated radiographic imaging (Figure 1) . The primary objective of this study was to analyze and report our experience with this protocol for frontal sinus fractures. The secondary objective was to describe any subsequent complications among those treated with our protocol.
Methods

Study Design and Participants
We performed an analysis of prospectively collected data at a single level 1 trauma center, Harborview Medical Center of the University of Washington. The institutional review board approved this review and granted a waiver of written informed consent. Our study population included all patients with frontal sinus fractures treated with the minimally disruptive protocol from January 1, 2010, to December 31, 2015. Figure 1 shows a flowchart of our frontal sinus fracture algorithm. Patients were identified using an existing quality assurance database and with the International Classification of Diseases, Ninth Revision (ICD-9), code for frontal sinus fracture (801.0 
Key Points
Question In the setting of traumatic frontal sinus fracture, how effective is a minimally disruptive protocol of primary expectant treatment and a transorbital endoscopic approach when repair is indicated?
Findings In this case series analysis, 19 of 20 patients with frontal sinus fractures were treated nonoperatively, had improvement in opacification and/or contour deformity, and experienced no complications. The 2 remaining patients underwent repair without complication through a transorbital endoscopic approach.
Meaning After evaluating prognostic factors and operative indications, frontal sinus fractures can be safely and effectively treated using a minimally disruptive strategy that favors functional sinus preservation.
Data Classification
A classification scheme was developed to better prognosticate which injuries would warrant surgical intervention ( 
Data Collection and Primary Outcome Measure
An Excel database was used to collect patient characteristics, comorbidities, medications, diagnosis, preoperative examination findings, radiographic imaging at time of presentation and follow-up, any intervention pursued, hospitalization after procedure, intraoperative and postoperative complications, if applicable, length of follow-up period, need for delayed surgery or other procedures relevant to diagnosis, any complication related to frontal sinus trauma, imaging findings in the postinjury period, and clinical examination findings in the postinjury period. The primary outcome measures were the presence of an aerated frontal sinus and forehead contour deformity. Our secondary outcome measures were any complications related to frontal sinus fracture, including mucocele, frontal sinusitis, or meningitis.
Patient Management
Any patient who met the eligibility criteria for the study was then subclassified, based on pattern of treatment, as requiring (1) immediate surgical intervention (during initial hospitalization), (2) delayed surgery (after discharge), or (3) expectant treatment and 3-month follow-up. Immediate repair of the frontal sinus was performed when spontaneous ventilation or autoreduction was unlikely. In fractures with a nonfunctional FSOT or severe comminution of the posterior table, spontaneous ventilation was unlikely, and the frontal sinus was deemed unsalvageable. In cases of comminution, severe displacement, or neurosurgical intervention, the periosteum was usually disrupted. In these cases, autoreduction was less likely to occur, and ORIF was performed, with possible obliteration and cranialization. Our indications for delayed frontal sinus repair included persistent CSF leak refractory to nonoperative treatment, mucocele, intracranial infection, or unacceptable cosmetic defect per patient perception or radiographic displacement of at least 1 table width. Patients in the observation group were followed as outpatients with serial maxillofacial CT scans at 3 and 6 months from time of injury and would undergo surgical intervention when indicated. If there was complete aeration and no contour deformity on the 3-month postinjury CT, this patient was treated expectantly with clinic follow-up only. Patients with partial aeration (ie, improvement of opacification) and/or partial improvement in contour deformity underwent repeated imaging at 6 months after injury. Those without improvement in opacification and/or contour deformity underwent endoscopic repair for treatment of their frontal sinus fracture. Both opacification and contour deformity were identified radiographically; for the latter, clinical examination was often limited owing to concomitant edema in the immediate posttrauma setting. Once edema has resolved, subtle contour deformity can still be difficult to appreciate on clinical examination alone; thus, radiographic imaging was used as a correlate for contour deformity. We did not note any instances when patients had clinically noticeable deformity without associated radiographic findings. Endoscopic frontal sinus fracture repair was performed through a transorbital approach. 4 A mirror-image overlay navigation guidance surgical plan was prepared as previously described for the repair of orbital fractures. 5 An upper eyelid crease (blepharoplasty) approach was then used to access the orbital roof (see eFigure in the Supplement). 4, 6 The frontal sinus was entered from its inferior aspect and surveillance was performed to determine its overall internal condition. For anterior table injuries the fractured bone was located, and reduction was performed by introduction of a posterior to anterior force with a periosteal elevator or other instrumentation as appropriate. After bringing the bone into position, navigation was performed to confirm the position relative to the surgical plan and adjust it as necessary. The bone fragment was held in position as needed with an absorbable sponge. For fractures of the posterior table of the sinus, the bone was reduced as indicated or removed if desired. The underlying dura was resurfaced with allogenic dermis or other suitable tissue. If a CSF leak was encountered, this was typically repaired with allogenic dermis and fibrin glue. 7 The wound was then closed with 6-0 resorbable interrupted sutures through the orbicularis muscle and 6-0 subcuticular sutures in the dermis, similar to the closure of a blepharoplasty. 
Results
During the 5-year period, we identified 39 patients with frontal sinus fractures, of whom 25 met inclusion criteria for our study and were treated with our minimally disruptive protocol; 18 (72%) were male and 7 (28%) were female. Their ages ranged from 6 to 62 years. All patients sustained a frontal sinus fracture due to trauma, including falls (8 patients), motor vehicle collision (5), sports-related injury (5), assault (4), and other blunt trauma (3). Basic demographic characteristics and median follow-up data are provided in Isolated posterior table fractures were not seen in our study (Table 1) . In total, 25 of 39 patients had a follow-up otolaryngology appointment and/or postinjury maxillofacial CT imaging available for review. Three of these 25 patients did not have both a follow-up otolaryngology appointment and repeated maxillofacial CT imaging. Two patients had a follow-up appointment only. Based on physical examination at time of followup, 1 had ongoing clinical glabellar depression that was not bothersome, while the other had no palpable deformity. The remaining patient had a follow-up maxillofacial CT scan 2 months after the injury without a follow-up in clinic. The scan was notable for a nondisplaced aerated frontal sinus. This left 22 patients with both clinical and radiologic follow-up.
Fifteen of 22 patients (68%) were treated with observation alone, and 7 of 22 (32%) underwent operation for any indication. Only 2 of 22 (9%) underwent repair of their frontal sinus fracture. The primary indications for the 2 frontal sinus interventions were a persistent CSF leak and a bony fragment within the orbit found on repeated imaging, respectively. Both had preoperative opacification and contour deformity on their imaging. In both cases, surgery was performed through a transorbital endoscopic approach, rather than open, coronal approach. Postoperatively, both patients had an aligned frontal sinus with adequate reduction; 1 had partial opacification on postoperative maxillofacial CT imaging noted 45 days after intervention, while the other had an aerated frontal sinus on imaging more than a year after intervention. The patients who underwent surgical intervention of the frontal sinus were classified as having type 2A and type 4B fractures, respectively.
Of the 7 total patients who underwent intervention for any indication, 1 patient underwent immediate surgical intervention for repair of bilateral LeFort fractures, and the remaining 6 underwent delayed surgery: concomitant LeFort fractures (2), persistent CSF leak (1), bone fragment in the orbit (1), nasal polyps (1), and scar revision (1) .
Ultimately, 20 of 22 (91%) patients were treated expectantly with regard to their frontal sinus fracture and did not undergo any frontal sinus intervention. For this cohort, the median clinical follow-up time was 3.8 months (range, 0.2-56.0 months). The median follow-up time for postinjury maxillofacial CT imaging was 3.4 months (range, 1.3-29.0 months). Table 3 shows the frequency of findings of frontal sinus fractures during the postinjury period among the 20 patients with both clinical and radiographic follow-up treated expectantly. Ultimately, more than half (12 of 20 [60%]) had a wellaerated sinus without frontal contour deformity on follow-up imaging. Of note, this includes 3 patients with nondisplaced or type 1 fractures who had resolution of their opacification. Seven (35%) had either partial opacification without contour deformity or complete aeration with continued depression. Only 1 patient (5%) had both opacification and ongoing displacement of a frontal sinus fracture at less than 3 months of follow-up from time of injury. This patient was asymptomatic and satisfied with the forehead contour deformity, despite radiologic evidence of displacement, and elected to continue expectant treatment. When excluding the 4 patients with nondisplaced (type 1 fractures), 11 of 16 (69%) had improvement in both opacification (spontaneous reventilation) and/or contour deformity (autoreduction). Figure 2 presents immediate and postinjury CT imaging findings.
There were no complications of infection or mucocele. There was 1 case of a CSF leak resulting from the frontal sinus fracture (type 4B) that was successfully treated with transorbital surgical repair after nonoperative measures for treatment of the CSF leak were unsuccessful. For all 25 patients included in the study, the median follow-up time was 8.8 months, and the median follow-up time for CT imaging was 3 months. 
Discussion
Analysis of our protocol supports nonoperative treatment of selected frontal sinus fractures. Our aim was to analyze our protocol and report our results from a prospective evaluation and treatment of frontal sinus fractures. We sought to describe the utility of the transorbital endoscopic approach when surgical intervention was indicated. Our main outcome measures were ensuring safe sinus function and acceptable forehead contour. Our secondary outcome measures were evaluating any complications of frontal sinus fractures, including mucoceles, brain abscess, and meningitis. [8] [9] [10] [11] [12] [13] In the pre-CT scan era, treatment of frontal sinus fractures with obliteration and cranialization may have been considered "conservative" because it was more challenging to identify which patients would develop secondary complications, such as mucocele and meningitis.
14 With improvements in preoperative and postoperative diagnostic sensitivity and minimally invasive instruments, sinus-sparing treatment has increased as a viable and safe option. 15 Traditional treatment of frontal sinus fractures with suspected FSOT injury includes immediate surgical repair and sinus obliteration. frontal sinus surgery to reestablish a safe sinus, thereby avoiding cranialization and obliteration. Further investigations have shown success with endoscopic methods without major complications. 4, [11] [12] [13] In our case series, we have identified transorbital endoscopic techniques as a useful addition to current transnasal endoscopic approaches for the treatment of frontal sinus fractures. Of the 25 patients included in our series, only 2 required frontal sinus intervention. Both patients were treated with a monoportal transorbital approach, resulting in complete fracture reduction and resolution of cosmetic deformity. Although 1 patient had ongoing opacification, there was no evidence of a mucocele or intracranial pathology warranting immediate intervention. To date, this patient remains under observation. Pathologic findings, such as chronic frontal sinusitis, may be effectively treated with nonoperative treatment protocols, [17] [18] [19] yet frontal sinus fractures are a completely different entity. They carry higher rates of complications owing to comminution of bone fragments, frontal sinus contamination, devascularization, and injury to the orbit, brain, and soft- tissue structures. 8, 14 Understanding the predictors of complications is important to help determine specific surgical indications. 15 Traditional indications for surgical intervention were comminution, displaced posterior 22 which noted a spontaneous reventilation rate of 93% among a series of 14 patients treated expectantly.
Another novel finding was the spontaneous improvement in contour deformity, or autoreduction, among several patients, which to our knowledge has not been previously reported in the literature. In our series, when excluding those with type 1 fractures, 11 of 16 (69%) had autoreduction ( Figure 2 ). This allowed for potential avoidance of surgery altogether. Evaluation among a larger population is necessary to better understand the physiologic process.
One of the commonly cited indications for surgical intervention among frontal sinus fractures was involvement of the FSOT.
16, 23 However, Jafari et al 22 noted that among those with evidence of FSOT injury, 7 of 8 had spontaneous reventilation. In our study, only 4 patients had involvement of their FSOT based on imaging, 1 of whom underwent frontal sinus intervention owing to presence of a CSF leak. Despite undergoing both transorbital endoscopic fracture reduction and a transnasal endoscopic Lothrop, the patient had ongoing opacification. The remaining 3 patients were treated nonoperatively with clinical follow-up and showed improvement in contour deformity and/or sinus aeration. This suggests that frontal sinus intervention may not always be indicated or effective when the FSOT is involved. There were no complications during our period of follow-up among those who did not undergo any intervention. For the 2 patients who did have frontal sinus surgery, although both had successful fracture reduction, 1 patient continued to have an opacified sinus. Bell et al 18 demonstrated that surgical intervention does not guarantee creation of a safe sinus and acceptable contour deformity. They found a complication rate of 13.6% among those who underwent surgical intervention. This included 2 patients with ongoing cosmetic deformity and 2 patients with a mucocele. Our classification scheme attempts to simplify and help prognosticate frontal sinus fracture treatment. In our study, nondisplaced, type 1 fractures showed both spontaneous ventilation and maintenance of forehead contour without any intervention. Based on our current series, 1 type 2A and 1 type 4B fracture required surgical intervention, which corroborates a previously published study 24 suggesting that severe displacement is an indication for surgery. While limited by our small series, we did not find higher rates of frontal sinus opacification among nonoperatively treated fractures involving the FSOT. Prior efforts have been made to consolidate frontal sinus fracture subtypes into respective treatment strategies.
25
In a meta-analysis by Carter et al, 26 the sinus preservation approach was ultimately recommended for fracture patterns that were traditionally obliterated, cranialized, or both. Their nonoperative cohort included nondisplaced or minimally displaced fractures of the posterior 
Limitations
There are limitations to our study. Using radiologic criteria to define contour deformity allows a more accurate objective assessment, but this may not be the best correlate for what is considered clinically significant. Similarly, we used aeration of the frontal sinus as a marker for what constitutes a safe sinus, but this may not be the best correlate. Another limiting factor is our small sample size. This is likely multifactorial because our trauma center receives referrals from a large distance encompassing 5 states, and many patients return to their original clinicians for follow-up imaging and clinical appointments. Also, many may be asymptomatic and less inclined to follow up. In addition, failure to or limited follow-up hinders our assessment of complications because mucoceles may present on average 10 years after injury. 21 Because expectant treatment assumes a degree of patient compliance, certain intangible factors, such as a perceived unreliability of follow-up, may confound the clinical decision making. There may also be inherent biases for both the patient and physician regarding what constitutes a cosmetically acceptable forehead contour, which could influence the decision to pursue surgery. Furthermore, there are unaccounted potential confounding factors contributing to sinus opacification unrelated to the trauma, such as chronic sinusitis, seasonal allergies, nasal polyps, or preinjury anatomic deformities contributing to ongoing sinus opacification.
Conclusions
There seems to be spontaneous bone remodeling or "autoreduction" and reventilation in many frontal sinus fractures treated with observation alone. This supports our minimally
